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A Comparative Study of the Antiproliferative Effect of Kohlrabi and 
Green Cabbage on Colorectal Cancer Cell Lines 
 
Valia Zarzour 
 
Abstract 
 
Experimental studies showed that phytochemicals from Brassicaceae Cruciferae 
vegetables possess anticarcinogenic properties. This association is attributed to 
glucosinolates molecules, mainly isothiocyanates and indoles released upon 
consumption of these vegetables. Two members of this family, namely cabbage 
(Brassica oleracea, group Capitata) and kohlrabi (Brassica oleracea, group 
Gongylodes) seem to share similar anticarcinogenic characteristics. The aim of this 
study is to compare the effect of the ethanolic extracts of the edible parts of these two 
plants on the proliferation and apoptosis of HT-29 and Caco-2 colorectal cancer cell 
lines. The cytotoxicity of the extracts was assayed using the Trypan Blue Exclusion 
method and the IC50 was determined to be higher in kohlrabi compared to cabbage. 
Consequently, WST-1 assay was used to assess the effect of these plant extracts on 
the proliferation of colorectal cancer cell lines: both extracts exhibited a sharp anti-
proliferative effect in a dose and time dependent manner, even though the cell 
viability recorded upon kohlrabi treatment was slightly higher. Analysis of cell DNA 
content by flow cytomtery revealed the ability of both kohlrabi and cabbage extracts 
to induce cell cycle arrest in HT-29 cells at the G phase and S phase in similar 
patterns. Furthermore both extracts promoted apoptosis in colorectal cancer cell 
lines, as revealed by Cell Death ELISA Assay, as well as Annexin/PI staining 
followed by flow cytometry analysis. The apoptotic pathway seems to involve the 
pro-apoptotic protein Bax and the anti-apoptotic protein Bcl-2: the expression of 
these apoptotic regulatory proteins was altered upon cabbage and kohlrabi treatments 
in a dose-dependent manner, with a slightly higher increase in the Bax/Bcl-2 ratio   
upon treatment with cabbage extract. As a conclusion, kohlrabi should be considered, 
like cabbage, among the potent anti-carcinogenic cruciferous vegetables. 
 
Keywords: Kohlrabi, Colorectal cancer, Proliferation, Apoptosis, DIM, SFN, 
Erucin, AITC, Bax, Bcl-2. 
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Chapter I 
Literature Review 
 
1. Literature Review 
 
1.1. Cancer 
1.1.1. Introduction 
The World Cancer Research Fund and the American Institute of Cancer Research 
(WCRF/AICR) projects that in 2030, 22 million people will be diagnosed with 
cancer (excluding skin cancers) and about 14 million people may be recorded as 
dying from cancer. This exponential increment in cancer rates is overlapping the 
increase in global population and is including all income classes: high, middle and 
low-income countries.  
The scientific community considers that the sole genetic vulnerability to cancer is 
limited to a few cases whereas the majority of most adult cancers account for the 
epigenetic intervention mainly by environmental factors (Vargas & Thompson, 
2012). For instance, one major cause of cancer is smoking or exposure to tobacco, 
solar radiation, and dietary factors that affect directly or indirectly proteins such as 
caspases, protein cycle inhibitors, cyclin dependent kinases etc, metabolites and gene 
expression. Therefore, one maybe theoretically convinced that most cancers are 
preventable by avoiding these factors and by modifying one’s nutritional state since 
they are collectively and individually significant in cancer predisposition.   
 
1.1.2. Colorectal Cancer (CRC) 
1.1.2.1. Introduction 
Colorectal cancer is the cancer of the colon, the last section of the intestinal tract that 
prolongs from the caecum to the rectum.CRC can originate in any section of the 
colon: the caecum, the ascending colon, the transverse colon, the descending colon, 
the sigmoid colon and the rectum. However, studies have shown that most common 
CRCs arise in the colon regions and few in the rectum (Giovannucci, 2002).  
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Estimates show that around 95% of CRCs are adenocarcinomas, while other forms of 
cancer also are mucinous carcinomas and adenosquamous carcinomas (Kufe et al. 
2003). 
Studies list some facts show that around 5–10 % of CRC is genetically inherited. The 
other CRC incidences engage an accumulation of endogenous and exogenous factors 
that damage and alter the genetic material. The exogenous (environmental) factors 
include nutrition and physical activity. The risk factors of developing colorectal 
cancer are smoking, excessive alcohol consumption and a diet rich in animal fat and 
low on vegetables and fruits intake (Ambrosone & Tang, 2009). 
The increase in colorectal incidence was also related to age, gender and individuals 
with a medical history of colorectal cancer, endometrial, ovarian or breast cancer, 
colorectal polyps and chronic ulcerative colitis or Crohn's disease (Aiello et al. 
2011).  
 
1.1.2.2. Prevalence of Colorectal cancer 
The World Cancer Research Fund International revealed that CRC is the third most 
widespread type of cancer in men and women. However, it is important to highlight 
the variability in the worldwide occurrence and mortality rates. Industrialized and 
high income countries such as Western Europe, North America, New Zealand and 
Australia have elevated rates for colorectal neoplasms, and most developing nations 
are on the verge of an increase in  colorectal cancer incidence (Center, Jemal, Smith, 
& Ward, 2009). 
Johns Hopkins colon cancer center revealed that colorectal cancer marks 21% of all 
cancers in the United States, and ranks second in mortality in males and females to 
lung cancer. In the United States, CRC is the 3rd most common type of cancer in both 
men and women. 75,590 cases of CRC in men and 71,380 cases in women were 
diagnosed in 2009 in the United States (Jemal  et al. 2009). The Singapore Cancer 
Registry revealed that the epidemiological data for the years 2004 to 2008 show that 
colorectal cancer was the most prevalent cancer in men (17.7%) and the second most 
common in females 14.6% after breast cancer (29%). Further and for both genders, 
Chinese followed by Malays and Indians prevail the highest occurrence of CRC for 
the period of 2004 to 2008, in addition to the substantial increase of CRC incidence 
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with age above 50 years. The CRC rates in these nations are increasing due to the 
modification of their dietary habits towards the “western type” (Seow et al. 2002). 
Nevertheless, the risk of developing colorectal cancer can be reduced by following a 
screening routine for the prevention and early diagnosis of CRCs. These checkups 
decreased the mortality rates from colon cancer over the last 20 years as stated by 
Johns Hopkins colon cancer center. 
 
1.1.2.3. Polymorphisms associated to CRC 
Colorectal cancer is determined when normal mucosa show an unusual cell 
replication and proliferation, in addition to the appearance of large polyps with 
proliferative, biomolecular and biochemical irregularities (Srivastava, Lippman, 
Hong & Mulshine, 1994; Ponz de Leon, 2002; Bostick et al. 1997). Transforming 
growth factor-α (TGF-α) belonging to the epidermal growth factor family (EGFR), is 
associated with proliferating cells within colon crypts and has shown its expression 
to be 51% higher in CRC cases compared with controls (P = 0.05). Therefore, 
detection of TGF-α expression level is an early modifiable biomarker of risk for 
colorectal cancer and crucial for the prevention of colorectal neoplasms (Daniel et al. 
2009). 
Further, specific mutations and some polymorphic genes in colorectal cells have 
been recognized to be directly linked to colorectal carcinogenesis. These genes and 
mutations were predictive biomarkers in finding targeted treatments against CRC. 
Few examples comprise mutation of K-Ras, BRAF mutation, PI3K-PIK3CA 
mutations and expression of PTEN and p-AKT (Krasinskas A. 2011), XPD 
(Lys751Gln), XRCC1 Arg399Gln, MGMT 2535G>T, VEGF C936T (Aiello et al. 
2011) 
 
1.1.2.4. The EGFR pathway and CRC 
The epidermal growth factor receptor (EGFR) EGFR is a 170-kDa receptor 
belonging to the transmembrane tyrosine kinase (RTK) family. Ligand activation, 
mainly TGFα and EGF, of EGFR induces the activation of downstream signaling 
cascades (Krasinskas, 2011). These pathways comprise the RAS-RAF-MAP kinase 
pathway (Alroy & Yarden, 1997), the phosphatidyl inositol 3-kinase (PI3K), and the 
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Akt pathway (Chan, Rittenhouse & Tsichlis, 1999). Stimulation of these pathways 
was shown to intervene in cell cycle arrest and activation, proliferation and 
angiogenesis (Petit et al. 1997), in the promotion of tumor cell motility, adhesion, 
and metastasis (Engebraaten, Bjerkvig, Pedersen & Laerum, 1993). These signaling 
cascades were of high interest to researchers in finding targeted therapies by 
inhibiting their corresponding pathways (Aboud-Pirak, Hurwitz, Pirak, Bellot, 
Schlessinger, & Sela, 1988). For instance, the anti-EGFR monoclonal antibodies the 
panitumumab (Vectibix, Amgen) and cetuximab (Erbitux, Bristol Myers Squibb and 
Merck KGaA) are the fruit of such research and are currently permitted as a 
treatment of metastatic colorectal cancer (Gibson, Ranganathan & Grothey, 2006; 
Jonker et al. 2007). 
 
1.1.2.5. The role of VEGF in CRC 
Vascular endothelial growth factor (VEGF) is a protein that stimulates angiogenesis 
in colorectal cancer cells when overexpressed. The intracellular portion of VEGF 
receptor hosts a tyrosine kinase domain, upon VEGF binding to its receptor, the 
downstream effectors lead to endothelial cell proliferation, migration, survival and 
vascular permeability. All these factors will hence promote anigiogenesis (Wang et 
al. 2004). 50% of CRC cases  were reported to show an upregulation of VEGFR, this 
upregulation is a predictive marker for worse prognosis and rapid tumor progression 
(El Zouhairi, Charabaty & Pishvaian, 2011). Since VEGF promotes angiogenesis 
which is mandatory for tumor growth and metastasis, researchers considered the 
VEGF receptor/ ligand system as a targeted therapy to reducing tumor growth and 
extending survival (Ellis, Takahashi, Liu & Shaheen, 2000).  
1.1.2.6. Treatment of colorectal cancer 
For over 50 years, fluoropyrimidine- based (5-fluorouracil) drug was a main 
treatment of colorectal cancer. Yet lately, the treatment of mCRC has been modified 
to combine chemotherapeutic drugs such as irinotecan and oxaliplatin. These 
combinations increased the overall survival in mCRC patients (Iqbal & Lenz, 2004). 
Chemical agents were found to inhibit the EGFR or bind to VEGF in clinical activity 
when combined with chemotherapy in phase II and phase III clinical trials. One of 
the prominent agents is cetuximab. Cetuximab is an EGFR antagonists that obstructs 
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the binding of TGF-α and EGF to EGFR (Laszlo, 2010). The other promising agent 
bevacizumab is an anti-VEGF monoclonal antibody. Bevacizumab and in 
combination with chemotherapy has been tested in patients with stage III and IV 
colon cancer. This combination was considered due to bevacizumab antiangiogenic 
result and to its alteration of tumor vasculature and reduction of the elevated 
interstitial pressure needed in chemotherapy (Aiello et al. 2011) .  The post treatment 
response for these therapeutic agents varies according to the underlying 
polymorphism. For instance, patients with BRAF and/or K-Ras mutations show 
resistance to anti-EGFR therapy (Loupakis et al. 2009; de Roock et al. 2010). The 
percentage of patients who show positive effects is mostly, low (Saltz et al. 2004, 
Aiello et al. 2011; Laszlo, 2010) (Table4). Consequently, ongoing researches about 
the use of multiple targeted therapies (i.e. bevacizumab combined with cetuximab) 
with chemical agents other than irinotecan is being assessed. These different 
combinations will be evaluated while underlying the side effects such as 
gastrointestinal perforation, hypertension and myocardial infarction (El Zouhairi et 
al. 2011; Laszlo, 2010).  
1.1.2.7. CRC and Diet 
In November 2007, the WCRF/AICR Second Expert Report “Food, Nutrition, 
Physical Activity and the Prevention of Cancer: A Global Perspective” presented in 
vitro and in vivo experimental evidences that phytochemicals from vegetables, fruits, 
grains, nuts, herbs and spices, are associated with cancer predisposition, recurrence 
and therapy. Phytochemicals intervened in several pathways of cancer such as cell 
cycle control, apoptosis, angiogenesis, differentiation, DNA repair, carcinogen 
metabolism and inflammation. Examples of phytochemicals that have been shown to 
influence colorectal cancer pathways in experimental models include isothiocyanates 
and indole-3-carbinol from cruciferous vegetables (Hecht, 1999). However, studies 
and trials about the correlation of CRC and these vegetables are still to be delineated; 
hence the purpose of our study. 
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1.2. Brassica Oleracea 
1.2.1. Brassica oleracea background and history 
Brassicaceae Cruciferae, one of the economically top 10 plant families worldwide, 
comprises a wide group of consumed vegetables. 
One specie of brassica crucifera, Brassica oleracea comprises different varieties 
Brassica oleracea Acephala Group (kale and collard greens), Brassica oleracea 
Alboglabra Group (Chinese broccoli), Brassica oleracea Botrytis Group 
(cauliflower, Romanesco broccoli and broccoflower),  Brassica oleracea Capitata 
Group(cabbage), Brassica oleracea Gemmifera Group (brussels sprouts), Brassica 
oleracea Gongylodes Group (kohlrabi) and Brassica oleracea Italica Group 
(broccoli). All these varieties of Brassica oleracea are thought by most scholars to 
have developed from the wild cabbage, “the head of the family tree” (Fahey, 2001). 
The parent wild cabbage originated in northern Europe and the Mediterranean 
region, and led to the descent of some 400 varieties like cabbages, kohlrabi, Brussels 
sprouts, oilseed rape, broccoli and cauliflower etc. Neither Hebrews, nor Egyptians 
consumed cabbages, while Greeks and ancient Romans were accustomed to cabbages 
and cauliflower, where they considered cabbage the “first of all vegetables” and its 
consumption during a banquet will avoid one from alcohol intoxication. Ancient 
figures Cato the Elder an ancient Roman ancestor of Nero, Diogenes of Sinope 
founder of the Greek Cynic philosophy, and Pythagoras the Greek mathematician 
included cabbage in their writings (Katz & Weaver, 2003).   
 
1.2.2. Cabbage Brassica oleracea Capitata 
Cabbage is a vegetable that belongs to the Brassica genus and the Brassicaceae 
family. Cabbage are biennial plants that are usually cultivated in well drained soil of 
pH between 6.0 and 6.8, and in locations fully exposed to sun with varying 
temperatures between 4 and 24 °C (Bradley, Ellis & Martin, 2009). Cabbage heads 
generally range in between 0.45 to 3.6 kg (Delahaut & Newenhouse, 1997). The 
color of these heads varies from white, to green and purple, while their shape may 
differ from round to oblate and pointy; as for the leaves they are thick with curvy to 
dissected margins. Cabbage with all its forms is an edible vegetable that is used in 
many cuisines as raw, steamed, stewed, sautéed and pickled (Ingram, 2000). 
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1.2.2.1. Health benefits of cabbage 
Scientists investigated the composition of cabbage and reported that cabbage 
comprises a rich supply of vitamin K and vitamin C, a fair source vitamin B6, 
vitamin B1 (thiamin), potassium, calcium, and molybdenum. Further, cabbage 
constitutes a decent source of fiber, folate and manganese. In addition, 70g of 
cabbage comprises 38.5mg of alpha-linolenic acid, or ALA (a kind of omega-3 fatty 
acid which can be converted to eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA) which is the omega-3 in fish oil (Egert et al. 2007). Many of the cabbage 
constituents have health benefits. For instance, due to its high content in vitamin C 
sailors used cabbage as a remedy for scurvy and as dressings against gangrene in the 
1700s (Fahey, 2003). Further, the high concentration in fiber results in decreasing the 
level of cholesterol and hence the incidence of cardiovascular events (Kahlon, Chiu 
& Chapman, 2008). 
 
Cabbage health benefit against Cancer: 
The exceptional health benefit provided by cabbage is its high involvement in cancer 
prevention. This feature is assured by the presence of anti-inflammatory compounds 
such as anthocyanins, antioxidant molecules and glucosinolates in cabbage. 
Researchers ranked polyphenols as a primary phytonutrient antioxidant in cabbage. 
The antioxidant intake will reduce oxidative stress. Chronic oxidative stress is 
considered among the main participants in the prevalence of cancer and 
cardiovascular disease (Ames, Gold & Willett, 1995).  These antioxidants are 
involved in preventing the initiative stages of cancer and helping in reducing 
proliferation at the progressive stages (Manson, 2003; Surh, 2003).  
On the other hand, glucosinolates, besides being responsible for the pungent flavor 
and odor of brassica vegetables, are considered to be the “trump card” against cancer. 
The chemopreventive efficiency of glucosinolates is basically due to its hydrolysis 
into isothiocyanates and indoles (Fahey, 2001; Arikawa & Gallaher, 2008). The latter 
molecules have shown remarkable evidence in preventing different forms of cancer 
such as stomach cancer (Hansson et al. 1993) breast cancer (Fowke et al. 2003; 
Ambrosone et al. 2004), prostate cancer (Cohen, Kristal & Stanford, 2000; 
Giovannucci,  Rimm,  Liu,  Stampfer & Willett, 2003; Kirsh et al. 2007), lung cancer 
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(London et al. 2000; Spitz et al. 2000; Zhao  et al. 2001; Wang et al. 2004; Lam et al. 
2009), bladder cancer (Zhao et al. 2007) and colorectal cancer (Ambrosone & Tang, 
2009.) However, it is to note that the plant’s age (Fahey et al. 2001), soil fertility 
(Booth & Walker, 1992; Fahey & Stephenson, 1999), and plant’s growth limiting 
factors determine the quantitative and qualitative levels of glucosinolates and its 
distribution within the plant’s organs (Bodnaryk, 1994).  
A-Glucosinolates and Cancer:  
The predominant glucosinolates found in cabbage are glucoiberin, progoitrin, 
sinigrin of the aliphatic group of glucosinolates and majorly glucobrassicin of the 
indoles (Cartea & Velasco, 2008) as well as other glucosinolates and indoles as 
indicated in Table 1. Upon consumption or tissue rupturing, the glucosinolates in the 
vacuole will be in contact with myrosinase enzyme localized in the cytoplasm and 
will be hydrolyzed into indole-3-carbinol I3C and isothiocyanantes such as SFN 
(sulforaphane), allyl-isothiocyanate (AITC) and BITC (benzyl-isothiocyanate), 
PEITC (phenethyl isothiocyanate), PITC (phenyl isothiocyanate) and many others 
(Fahey et al. 2001). 
Table 1: Major glucosinolates found in Brassicae Oleracea (Cartea & Velasco, 2007). 
GIB: glucoiberin (3-methylsulfinylpropyl); PRO: progoitrin (2-hydroxy-3-butenyl); SIN: sinigrin (2-
propenyl); GAL: glucoalysiin (5-methylsulphinylpentyl); GRA: glucoraphanin (4- 
methylsulphinylbutyl); GNA: gluconapin (3-butenyl); GBN: glucobrassicanapin (4-pentenyl); GIV: 
Glucoiberverin (3-methylthiopropyl); GER: glucoerucin (4-methylthiobutyl); GNL:  gluconapoleiferin 
(2-hydroxy-4-pentenyl); GBS: glucobrassicin (3-indolylmethyl); NGBS: neoglucobrassicin (1-
methoxy-3-indolylmethyl); 4HGBS: 4-hydroxyglucobrassicin (4-hydroxy-3-indolylmethyl); 4MGBS: 
4-methoxyglucobrassicin (4-methoxy-3-indolylmethyl), GST: Gluconasturtiin (2-phenylethyl).  
 
A1- ITCs induce apoptosis: 
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Apoptosis follows 2 pathways: extrinsic and intrinsic. The extrinsic pathway 
revolves around the activation of surface death receptors the tumor necrosis factor 
(TNF) and Fas and their interaction with their appropriate ligands. Both factors result 
in the activation of procaspase 8 and the activation of its downstream effectors 
leading to apoptosis (Alberts et al. 2002). However, the intrinsic pathway consists of 
releasing cytochrome c from the mitochondria and allowing it to bind to the adaptor 
protein named apoptotic-protease-activating factor 1 (APAF1). Once activated, 
APAF1 cleaves procaspase-9 molecules and triggers the caspase cascade leading to 
apoptosis. Upstream regulator of the intrinsic pathway involves the Bcl-2 family, the 
protein modulators of programmed cell death. This family encloses the proapoptotic 
members Bax, Bak, Bik, Bad, and Bid and antiapoptotic members Bcl-2 and Bcl-xL.  
Their property will either suppress or promote the discharge of cytochrome c (Gross, 
McDonnell & Korsmeyer, 1999). ITCs were shown to induce apoptosis via the 
release of cytochrome c from the mitochondria, Bcl-2 family regulation, MAPK 
signaling and continuous activation of caspases (Traka & Mithen, 2009). 
SFN studies showed the induction of  the proapoptotic protein BAX in HT-29 colon 
cells which was due to the release of  cytochrome c from the mitochondria and to the 
occurrence of a proteolytic fragment of the caspase-3 substrate poly(ADP-
ribose)polymerase (PARP) (Gamet-Payrastre et al. 2000).  However, it is important 
to note that the expression of tumor suppressor gene p53 remained unchanged and 
the antiapoptotic Bcl-2 protein was not perceived in any conditions. These results 
suggested that SFN stimulates apoptosis in a p53 independent and Bax dependent 
pathway (Gamet-Payrastre et al. 2000). Studies on SFN in PC-3 cells reported the 
activation AP-1 which necessitates the activation of the MAPKs c-Jun N-terminal 
kinase (JNK) and extracellular signal-regulated protein kinase (ERK) thus regulating 
apoptosis (Xu et al. 2006). Further, studies on 40-16 colon cancer cells showed that 
15µM of SFN led to programmed cell death by increasing the Bak to Bcl-xL ratio 2 
folds and Bax to Bcl-xL ratio 1.5 fold; these data suggested the involvement of Bcl-2 
family in inducing apoptosis by SFN against 40-16 colon cancer cells (Pappa, 
Lichtenberg, Iori, Barillari, Bartsch & Gerh¨auser, 2006).  
PEITC played role in inducing apoptosis in HT-29 cells by activating caspase 3 and 
9 followed by nucleus condensation and DNA disintegration, and three MAPKs, c-
Jun N-terminal kinase(JNK), extracellular signal-regulated protein kinase (ERK) and 
p38 kinase post treatment, and releasing cytochrome c from the mitochondria in a 
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time and dose dependant manner. This study showed the importance of JNK 
activation in treating HT-29 since it marked JNK as a significant mediator of PEITC-
mediated apoptosis. JNK inhibitor SP60012 inhibited PEITC-induced apoptosis 
suggesting JNK is upstream signaling mediator of caspases in PEITC induced 
apoptosis (Keum, Jeonga & Konga, 2004).  
PEITC also showed a minor increase in the Bax:Bcl-xL and the Bak:Bcl-xL ratios in 
40-16 colon cancer cells but an efficient and rapid PARP cleavage only after 10h of 
10µM PEITC treatment. These results implied that apoptosis induction by PEITC in 
40-16 colon cancer cells slightly relies on Bcl-2 protein (Pappa et al. 2006). In A549 
non-small cell lung human carcinoma, PEITC and AITC inhibited cell growth by 
activating caspase-3 and caspase-8 to induce apoptosis (Wu, Zhou & Xu, 2009). 
BITC induced apoptosis in Hela Cells 60 and rat hepatocytes via JNK-dependent 
Bcl-2 phosphorylation pathway. This induction was due to the phosphorylation of 
Bcl-2 decreasing its interaction to bind to Bax, Therefore, Bax expression increases 
to enhance the propensity of cells to program cell death.  However, when HT-29 
were treated with BITC the expression of Bax was not increased (Fimognari et al. 
2002) suggesting apoptosis induction to be cell specific (Nakamura & Miyoshi, 
2006).  
 
A2- ITCs induce cell cycle arrest: 
Hyperproliferation, the hallmark of all cancers, is caused by the loss of the cell cycle 
regulators cyclin dependent kinases (CDKs), cyclins, and CDK inhibitors (CDI). 
Cyclin proteins govern G1, S, G2 and M phases in a cell cycle. They bind and 
activate cyclin-dependent kinases (CDKs) which maybe modulated by CDK 
inhibitors (CDIs) such as p21/WAF-1, p16/INK41 and p27/Kip-1. The cyclin/CDK 
complexes endorse cell cycle sequence whereas the CDK inhibitors induce cell cycle 
arrest (Keum et al. 2004). 
In 1993, ITCs were first studied in inducing cell cycle arrest in Hela cells. Results 
showed that 10μM AITC, 2.5μM BITC, or PEITC arrested the cells at G2/M phase 
(Hasegawa, Nishino & Iwashima, 1993). Ten years later, a research by Zhang, Tang, 
and Gonzalez (2003) showed that PEITC, AITC and BITC only needed 3 h to inhibit 
cell growth apart from the origin of cancer cells and in cells  showing an 
overexpression of multidrug resistance-P-glycoprotein-1 or associated protein-1 
(Zhang et al. 2003); however SFN was remarkably time dependant. Whereas for 
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Human promyelocytic leukemic cells (HL-60 cells), AITC arrested them at the 
G1phase, while BITC caused the cell cycle arrest to be the G1 and the G2/M phases 
(Zhang, Yao & Li 2006). AITC arrested prostate cancer PC-3 cell at the G2/M phase 
of their cell cycle as it decreased the levels of cyclin B1, cdk1, cell division cycle 
25B (cdc25B), and cdc25C (Xiao, Johnson, Trump & Singh, 2004). 12mM of AITC 
arrested HT-29 cells in G2/M phase after 24 h of treatment (Smith, Lund, Clarke, 
Bennet & Johnson, 2004).  
As of SFN in inducing cell cycle arrest in HT-29 cells, SFN adopts a two phase 
pattern in CRCs. For up to 6h of SFN exposure, HT-29 stopped growing and were 
arrested in reversible G2/M phase, while a constant 12h exposure led to an 
irreversible arrest in G2/M phase and consequently to apoptosis (Pappa et al. 2007). 
The stop led to a low percentage of cells in the S phase and to a high expression of 
cyclinA and B1 when HT-29 are treated with 15mM of SFN (Gamet-Payrastre et al. 
2000). 
PEITC on the other hand induces a G1 cell cycle arrest in HT-29 cells by 
downregulating cyclins A, D, and E (Cheung & Kong, 2010). Cyclin D1 is known to 
phosphorylate Rb and launch E2F transcription factors which permit the transition of 
the cell cycle phases and mainly the start of DNA synthesis (Keum et al. 2004). Thus 
its downregulation will promote cell cycle arrest. As of PC-3 cells, PEITC resulted in 
G2/M phase cell cycle arrest by reducing more than 80% Cdk1 and Cdc25C levels. 
This decrease was suggested to be through the increase of proteosomemediated 
breakdown since lactacystin, a proteasome inhibitor, blocked the cell cycle in 
pretreated PC-3cells (Xiao et al. 2004).  
In Caco2 cells, 5.1μmol/L of BITC and 2.4μmol/L of PEITC stopped DNA synthesis 
and arrested the cells in the G2/M phase which was maintained by the upregualtion 
of p21. This arrest was considered due to the activation of Chk2 and its 
phosphorylation (Visanji, Duthie, Pirie, Thompson, & Padfield, 2004). However, 
with a dose of 20μM SFN, Caco-2 cells were arrested at G2/M phase, but 
accumulated at Sub-G1 with concentrations >20 μM (Jakubikova, Sedlak, Mithen & 
Bao, 2005).   
Studies have shown that other mechanisms in inducing cell cycle arrest are through 
inhibiting histone deacetylase (HDACs). High expression of HDACs was noticed to 
be common in several cancer malignancies, where it represses transcription and 
silences tumor suppressor gene p21 by deacetylation resulting in cell cycle arrest 
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(Clarke, Dashwood & Hoa, 2008). In HT-29 cells, HDAC2 was knocked down upon 
treatment with SFN and cell cycle arrest was induced (Zhu et al. 2004).   
Treatment of human prostate cancer cells with PEITC and SFN showed inhibition of 
HDACs which was correlated to the upregualtion of p21. As a result the cell cycle 
was arrested and CDIs expression, p21 and p27 were upregulated in a p53 
independent pathway (Wang et al. 2008). Similarly, SFN increased acetylated 
histones binding to p21 promoter and inhibited HDAC suggesting a mode of action 
in arresting cell cycle (Myzack, Karplus, Chung & Dashwood, 2004). 
 
A3- Indoles and DIM induce apoptosis and cell cycle arrest: 
It is noteworthy that indoles and their derivatives play role in inducing apoptosis and 
cell cycle arrest. The glucosinolate derivative I3C self dimerizes and oligomerizes to 
result in a stable compound 3, 3′-diindolylmethane (DIM). DIM induced cell cycle 
arrest at the G1 phase, and promoted apoptosis in leukemic HSB2 and CEM cells 
(Shorey et al. 2012). Moreover, DIM reduced tumoregenesis in C57BL/6 mice 
injected with a mouse prostate cell line (TRAMP-C2) (Choi, Lim & Park, 2004); it 
also reduced induced mammary tumors (DMBA) in rats (Wattenberg & Loub, 1978), 
benzo [a]pyrene-induced stomach cancers in mice, and the growth of transplantable 
human breast carcinoma and angiogenesis in mice. It was also shown that DIM leads 
to the inhibition of the proliferation and cell survival of prostate cancer cells by 
inactivating Akt and NFκB (Sarkar & Li, 2004), while breast cancer cells 
proliferation will be inhibited by cell cycle arrest at the G1 phase and activation of 
CDIs p21 (WAF1/CIP1) (Choi et al. 2004). 
I3C and DIM induced apoptosis in HT-29 cells by stimulating PARP degradation in 
the wild cell line as in the mutated form where p53 was knocked out. These results 
suggested apoptosis induction via a p53 independent mechanism (Pappa et al. 2006).  
DIM (30 μmol/L) inhibited HT-29 growth in a time dependent manner. It induced 
apoptosis and cell cycle arrest at the G1 and G2/M phases by inhibiting the activity 
of Cdc2, Cdk2, Cdc25c and cyclin B1 (Choi et al. 2009).  At 2h of treatment, Cdk2 
actvity was reduced, while at 6h, the levels of p21CIP1/WAF1 and p27KIP1 the 
CDK inhibitors proteins and their corresponding mRNA remarkably increased, and 
at12h Rb was hypophosphorylated and the levels of the E2F-1 protein were reduced. 
All these changes suggest the arrest at the G1 phase. However, the arrest at the G2/M 
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phase in HT-29 cells was regulated by the decrease of Cyclin B1 and Cdc25c, and 
Cdc2 kinase activity (Figure1) (Choi et al. 2009).   
 
 
 
Figure 1: Schematic pathways of the antitumor activity of ITCs (Wu et al. 2009). 
 
1.2.2.2. Anti-nutritional effects of cabbage and constituents 
In contrast to the previously remarkable health benefits, glucosinolates and several 
ITCs are considered to be toxic in given concentrations. In high concentrations 10– 
50mg/kg body weight in rats, oxazolidine-2-thione, deriving from progoitrin 
glucosinolate, and nitriles may be mutagenic and cytotoxic (Cartea & Velasco, 
2008). Progoitrin was a cause of goiter, delayed growth, liver damage and poor egg 
production in animals, however, Mithen, Verkerk, Rabot, and Johnson (2000) 
showed the absence of evidence of any goitrogenic consequence on humans after 
excessive consumption of Brassica.  
1.2.3. Kohlrabi Brassica oleracea var. gongylodes 
Kohlrabi member of the brassica family is recognized as turnip cabbage. Five 
centuries ago, Kohlrabi was developed in northern Europe as a perennial vegetable. 
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In color, kohlrabi may be white, green or purple on the outside but the inner edible 
portion is always pale white. The turnip-like structure of kohlrabi is the engorged 
bottom of the stem holding leaves and this tuber may reach 13 to 15cm in diameter 
(Macleod G. & Macleod J. 1990).  
As the other member of the brassica family, kohlrabi is rich in polyphenols and 
phytonutrients mainly Vitamin C where it supplies 62g per 100g weight which 102% 
of recommended daily allowance, carotenes, vitamin A, vitamin K, minerals, and B-
complex group of vitamins. Therefore, kohlrabi is considered to be a rich source of 
antioxidants. In addition, kohlrabi is a source of phytochemicals mainly 
glucosinolates and indoles (Mas et al. 2007). The most important ITCs found in 
kohlrabi flesh are methylthiobutyl ITC or erucin, and SFN, where the latter 
compound was previously described to be a promising anticarcinogen (Holst & 
Williamson, 2004).  
Erucin (ER), a major ITC in kohlrabi flesh and seed (You, Wu, Mao, Zou & Liu, 
2008), is the hydrolysis product of glucoerucin isiothiocyanate and is also obtained 
when SFN is reduced in vivo. Erucin is hence considered an analogue of SFN and is 
of interest as being an anticarcinogenic agent similar to SFN (Fimognari et al. 2004). 
Researchers showed that erucin arrested the cell cycle of Jurkat T-leukemia cells 
(You et al. 2008). Erucin also induced phase II enzymes, upregulated phase III 
detoxifying system and modulated the cell proliferation in Caco-2 cells. In fact Caco-
2 cells treated with 20μM of erucin, were arrested in the G2/M phase (Jakubikova et 
al. 2005), and decreased their G1 phase compared to the high percentage of cells 
found in G0/G1 and S phase of untreated cells. When the concentration of erucin 
reached 50μM, the percentage of Caco-2 cells in the sub-G1 stage increased 
significantly showing a raise in apoptosis (Jakubikova et al. 2005).  Additionally, 
ER-induced phase II enzymes were inhibited in Caco-2 cells when PI3K/Akt and 
Raf/MEK/ERK were blocked by their inhibitors. This factor reflects how apoptosis 
induction by erucin in Caco-2 cells maybe PI3K/Akt and Raf/MEK/ERK dependant 
(Melchini & Traka, 2010). When comparing erucin to its analogue SFN, erucin 
increased the mRNA of multidrug resistant protein MRP2 in Caco-2 cells with a 
better potency than SFN; however, SFN induced the increase of both MRP1 and 
MRP2 in Caco-2 cells and A549 lung cells (Jakubikova et al. 2005). Fimognari  et al. 
(2004) showed in experiments that erucin inhibits the proliferation of human 
leukemia cells but not in non-transformed human peripheral T lymphocytes, whereas 
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SFN exhibited antiproliferation in both transformed and non-transformed human 
peripheral T lymphocytes (Fimognari et al. 2004). These findings may indicate that 
SFN and its analogue erucin might be cell specific with respect to their mode of 
action. Studies have shown that kohlrabi seeds have lower erucin concentration 
compared to cabbage (You et al. 2008), while the leaves of kohlrabi show an absence 
of erucin compared to its presence in cabbage leaves (Cartea & Velasco, 2008). As 
of the flesh, kohlrabi was investigated to carry erucin predominantly (Gawęda & 
Nizioł-Łukaszewska, 2011).  SFN on the other hand is largely found in kohlrabi 
seeds and few cabbage seeds cultivars show SFN similar presence while in other 
cultivars it is absent (You et al. 2008), while for the leaves and flesh of cabbage and 
kohlrabi, SFN is found in abundancy in kohlrabi 8.73mg/100g compared to cabbage 
0.26mg/100g (Ciska, Martyniak-Przybyszewska & Kozlowska, 2000; Farag & Abdel 
Motaal, 2009). Further it was found that kohlrabi is a less carrier of indoles 
particularly  glucobrassicin, the precursor of indole 3 carbinol, and sinigrin precursor 
of AITC, whereas cabbages carry the indole glucobrassicin in a high percentage 
followed by isothiocyanates glucoieberin and sinigrin (Sarıkamı, Balkaya & 
Yanmaz, 2010) (Table 2). 
These differences and similarities in ITCs and indoles contents in between 2 
members of the same Brassica oleracea family raise the question to whether kohlrabi 
reveals similar health benefits and anti-nutritional effect as cabbage and more 
importantly similar anticarcinogenic properties. Further, despite the presence of 
major ITCs in kohlrabi such as PEITC, SFN and iberverin, most studies describing 
the potency of these compounds excluded kohlrabi as a rich source of these ITCs and 
focused on other members such as broccoli, brussel sprouts, cabbage and cauliflower 
(Smith et al. 2004; Fahey et al. 1997; Zhang et al. 2006; Wu et al. 2010, Cheung & 
Kong, 2010, Clark et al. 2008; Gamet-Payrastre et al. 2000). This observation led us 
to question whether these predominant ITCs in kohlrabi and of known 
anticarcinogenic properties are insignificant or have a minimal potency in inducing 
anticarcinogenic properties as compared to its family member cabbage. Further, no 
studies showed the exact glucosinolates concentrations differences and similarities in 
between the edible parts of cabbage leaves and kohlrabi flesh, or their comparative 
effect on specific cell lines (You et al. 2008; Melchini & Traka, 2010; Gawęda & 
Nizioł-Łukaszewska Z. 2011). Therefore, we aimed in this study to investigate 
kohlrabi since it is a minor crop in Lebanon and not well known, and more 
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importantly it belongs to a major Brassica family and possesses phytochemicals 
known for their inhibitory attributes against cancer. Consequently, our search was 
designed to check for the potency of kohlrabi flesh on colorectal cancer cell lines and 
compare its effect to the leaves of its family member cabbage.  
 
Table 2:GLS Content (Milligrams per 100 g) of Cabbage and kohlrabi grown in 
1994 (Ciska, Martyniak-Przybyszewska & Kozlowska, 2000). 
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1.3. Purpose of the study 
Cabbage and kohlrabi, members of the cruciferous family, are rich in phytochemicals 
that influence colorectal cancer. The purpose of this study is to establish a 
comparative study that investigates the effect of the ethanolic extract of the edible 
parts of cabbage leaves and kohlrabi flesh on human colorectal adenocarcinoma cells 
in vitro.  
The main objectives reflect three tasks:   
 Identifying and comparing the effect of the ethanolic extracts of cabbage and 
kohlrabi on the cytotoxicity of Caco-2 and HT-29 cells. 
 Determining and comparing the effect of the ethanolic extracts of cabbage 
and kohlrabi on proliferation, cell cycle progression and apoptosis in Caco-2 
and HT-29 cells. 
 Elucidating and comparing the expression of proapototic and anti-apoptotic 
proteins in HT-29 cells when treated with the ethanolic extracts of cabbage 
and kohlrabi. 
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Chapter II 
Materials and Methods 
 
2. Materials and Methods 
2.1 Cell lines and cell culture 
Caco-2 and HT-29, two human colorectal adenocarcinoma cell lines, were cultured 
in RPMI 1640 medium with 25 mM Hepes and Lglutamine, and supplemented with 
10% Fetal Bovine Serum (FBS), 100 μg/ml of  Penicillin Streptomycin and grown in 
a humidified incubator  at 37°C and 5% CO2 (Smith et al. 2004).   
 
2.2 Preparation of kohlrabi and cabbage ethanolic extract  
Kohlrabi and Cabbage plants were cultivated in the mountains of Zahleh. The 
cabbage leaves and the flesh of the kohlrabi were each blended and incubated in 90% 
ethanol for a week in a shaker. 
The extract was strained and then placed in a rotoevaporator. The suspension filtrate 
was then filtrated through a 0.22µm millipore filter, transferred to a weighed 
eppendorf tube then concentrated in a speed vacuum (eppendorf centrivap 
concentrator). The mass of the pellet and the percentage yield were determined. The 
percentage yield of cabbage was 1.57% and that of kohlrabi was 1.43%. The pellet 
was then resuspended in RPMI 1640 media to a final concentration of 0.5mg/µl. The 
filtrates were then stored in the deep freeze until required.  
On the day of treatment, the suspended extract was applied on the seeded cells in 
different volumes to establish the required final concentrations of 10µg/µl, 20µg/µl, 
40µg/µl or 60µg/µl. 
2.3 Antibodies and reagents 
Rabbit polyclonal IgG anti-β-Actin, anti-Bax, and anti-Bcl2 antibodies were 
provided by Santa Cruz Biotechnology. 
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Anti-rabbit IgG HRP-conjugated secondary antibody was obtained from Santa Cruz 
biotechnology.  
Propidium Iodide (PI)/ Annexin V was obtained from Sigma LifeScience. 
2.4 Cytotoxicity: Trypan Exclusion Method 
Trypan blue exclusion method determines the viability percentage of cells in 
suspension. Trypan blue dye will penetrate the cell membrane of damaged dead cells 
and will stain their cytoplasm in blue, while live cells will exclude the dye and will 
appear bright. The viability of cells is assessed by counting the blue dead cells and 
the bright live ones on a hemocytometer.  
HT-29 and Caco-2 cells were seeded in 24 well plates at a density of 1x106cells/ml. 
24 h later and after forming a monolayer, control wells were left untreated, while the 
cells in other wells were treated independently with cabbage and kohlrabi filtrates at 
the following concentrations 10µg/µl, 20µg/µl and 40µg/µl. The treatment of each 
concentration and extract was performed in triplicates.  Cytotoxicity was assayed 24 
and 48h after treatment. The supernatant of each well was collected in a labeled 
eppendorf tube, and the adhered cells were washed with PBS. The latter washes were 
then pipetted to their corresponding collected supernatants. Adhered cells were then 
detached by trypsin then resuspended in media. 10µl of each collect was mixed with 
10µl of Trypan Blue. 10µl of this mix was placed in a hemocytometer and the blue 
and bright cells were counted. The percentage of viable cells was calculated applying 
the following formula: 
Live cell count/ Total cell count * 100. 
2.5 Proliferation: Cell proliferation reagent (WST-1) 
WST-1 (water soluble tetrazolium salt) is a tetrazolium salt that is cleaved to 
formazan by mitochondrial dehydrogenases enzymes present in metabolically active 
cells. Colorimetric quantification of formazan at 450 nm will assess cell proliferation 
using BIO TEK EKX808 ELISA Reader.  
HT-29 and Caco-2 cells were plated in 96 well plates at a concentration of 1x106 
cells/ml. After 24h of seeding, triplicates of cells were treated independently with 
kohlrabi and cabbage at the following concentrations 10µg/µl, 20µg/µl and 40µg/µl. 
Control wells were left untreated, and blank wells containing media alone, and other 
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wells with the volumes of treatment were marked. After 24 and 48h of treatment, 
10µl of the reconstituted WST-1 reagent (Roche, Germany) was mixed to each well 
according to manufacturer's instructions. The plates were placed in a humidified 
incubator at 37°C and 5% CO2 for 4h. The optical density was then recorded at 
450nm using the ELISA reader machine and the percent of proliferation was 
calculated. 
2.6 Cell cycle Analysis: Flow cytometry 
 Flow cytometry is a tool used to measure the properties of cells including the cells’ 
size, granularity or inner complexity. This tool indicates the cell’s phase cycle 
according to its DNA content; G0/G1 phase is 2n, S-phase cells is >2n but <4n, 
while G2/M cells is 4n. The percentage of cells in the different phases was measured 
to reflect the progression of cell cycle. 
HT-29 cells were seeded in 6 well plates at a concentration of 1x106cells/ml. 24 h 
later, control cells were left untreated while others were treated independently with 
kohlrabi and cabbage extracts at the following concentrations 10µg/µl, 20µg/µl and 
40 µg/µl. 24 h later, the cells were detached using trypsin, resuspended in media with 
10%FBS, then centrifuged at 1000rpm at 4°C for five min. The supernatant was 
discarded and the pelleted cells were washed and resuspended in 1 ml of ice-cold 1 × 
phosphate-buffered saline (PBS). The suspension was centrifuged at 1500rpm at 4°C 
for five min and the supernatant discarded. The cells were then fixed using ethanol to 
a final concentration of 70% with ice cold 1X PBS.  Ethanol fixation was overnight 
at -20°C.  24h later, the cells were centrifuged under the previous conditions and the 
supernatant discarded. The pellet was resuspended in 500µl PI solution constituted of 
6ml 1X PBS, 10µl of RNase A and 300µl of Propidium iodide. 
The samples were incubated for 40 min at 37°C then analyzed using an Accuri C6 
flow cytometer (Ann Arbor, MI USA). The data was collected in list mode on 10,000 
events and analyzed using CFlow® Software (Maalouf, Baydoun & Rizk, 2011). 
 
2.7 Apoptosis 
2.7.1 Cell Death ELISA Plus Kit 
 In order to assess the apoptotic effect of kohlrabi and cabbage on colorectal cancer 
cells, the Cell Death ELISA kit (Roche, Mannheim, Germany) was utilized. This 
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assay is based on the quantification of histone-complexed DNA fragments into the 
cytoplasm which are a hallmark of apoptosis. 
HT-29 and Caco-2 cells were seeded in sterile eppendorf tubes at a concentration of 
1x105cells/ml. After 24h, the cells were treated independently with cabbage and 
kohlrabi extracts at the following concentrations 10µg/µl, 20µg/µl and 40µg/µl. 
Control tubes were left untreated.  24 and 48 h after treatment, the cells were 
centrifuged and the supernatant discarded. The pelleted cells were lysed with the 
supplied lysis buffer according to the manufacturer’s instructions. The lysate was 
then centrifuged for 10 min at 200xg and 20µl of each supernatant was transferred to 
a precoated streptavidin microtiter plate. Biotin-labeled anti-histone and peroxidase-
conjugated anti-DNA antibodies were added to each well. The plates were incubated 
at room temperature for 2h, and then washed three times with the provided 
incubation buffer. ABTS (2,2′-azino-di(3-ethylbenzthiazolin-sulfonate)) substrate 
solution of peroxidase enzyme was added to each well and was incubated for 15min 
at room temperature. The absorbances were read at 405nm using the ELISA reader 
machine and the enrichment factor was calculated (Maalouf et al. 2011). 
 
2.7.2 Flow Cytometry: Annexin V-FITC/PI double staining method 
Annexin V-FITC/PI double staining method was followed. The cells were seeded in 
6 well plates at a concentration of 1x106cells/ml. 24h later, control cells were left 
untreated while others were treated independently with kohlrabi and cabbage extracts 
at the following concentrations 10µg/µl, 20µg/µl and 40µg/µl. 24h later, the cells 
were detached using trypsin, resuspended in media with 10%FBS, then centrifuged at 
1000 rpm at 4°C for 5min. The supernatant was discarded and the pelleted cells were 
washed and resuspended in Annexin binding buffer, 5µl of Annexin is added 
followed by 5µl of Propidium Iodide (PI). The cells were then incubated for 5 min at 
room temperature in the dark. The samples were then analyzed using an Accuri C6 
flow cytometer (Ann Arbor, MI USA). The data was collected in list mode on 10,000 
events and analyzed using CFlow® Software (Smith et al. 2004). 
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2.8 Western Blot Analysis 
Western Blot is a technique used to identify and quantify the presence of a specific 
protein in a given sample. 
HT-29 cells were cultured in 6 well plates at a concentration of 1x106cells/ml. 24h 
later and after forming a monolayer, the cells were treated with cabbage and kohlrabi 
extracts at the following concentrations 10µg/µl, 20µg/µl and 40µg/µl. After 24h, 
protein extraction was performed using Cell lytic MEM protein extraction kit 
(Sigma). The medium was aspirated, 500µl of 1xPBS was added to the cells that 
were scraped and transferred to labeled eppendorf tubes. The cells were then 
centrifuged at 300rpm for 5min, the supernatant was discarded and the pellet was 
stored on ice. 6µl of protease inhibitor and 600µl of ice cold lysis and separation 
solution were added to each pellet. The vortexed suspension was then incubated on 
ice for 10min then centrifuged in a precooled centrifuge at 12000rpm, 4°C for 5min. 
The lysate was stored at -20°C until used. The proteins were quantified using Quick 
start Bradford all protein Assay according to the manufacturer’s instruction.  
Lamelli sample buffer was added to the protein samples in a 1:1 ratio and then boiled 
for 5min prior to loading. The samples were resolved on a 12 % SDS polyacrylamide 
gel and transferred to PVDF membranes at 100V for 1hour using wet transfer 
system. The membranes were then blocked with 5% non-fat dry milk in 1xPBS 
containing 0.1% Tween-20 overnight at 4°C. The second day, the membranes were 
incubated with primary Rabbit polyclonal IgG anti-β-Actin antibody at a 
concentration of 1:400 for 2h at 25°C on a shaker, then washed four times with 0.5% 
Tween-20 in 1xPBS for one hour on a shaker. Afterwards, the membranes were 
incubated with Anti-rabbit IgG HRP-conjugated secondary antibody at a 
concentration of 1:1000 for 1h at 25°C with shaking then were washed as previously 
described. The membranes were then treated with the ECL chemiluminescent reagent 
for western blots (Amersham ECL Advance Western Blotting Detection Kit GE 
Healthcare) and visualized on Bio Rad Moleuclar Imager chemi doc XRS t imaging 
system (abcam protocol).  
The same procedure was followed using Rabbit polyclonal IgG anti-Bax, and anti-
Bcl-2 primary antibodies. 
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2.9 Statistical Analysis 
 All experiments were carried out in triplicate. Results were reported as the mean 
value ± standard deviation. Data were analyzed by one-way analysis of variance 
(ANOVA). The differences between the means of treated and control groups were 
tested for significance using Fisher’s least significant differences at P ≤ 0.05 (Fisher 
PLSD). An effect was considered significant when the value (±) of mean difference 
between groups exceeded Fisher PLSD in the one-factor ANOVA test. 
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Chapter III 
Results 
 
3. Results 
3.1. Cytotoxicity effect of cabbage and kohlrabi on Ht-29 and Caco-2 
cell lines 
The cytotoxicity of cabbage and kohlrabi was assessed on 2 colorectal cancer cell 
lines HT-29 and Caco-2 cells for 24 and 48h post treatment using Trypan Blue 
exclusion method.  
Cytotoxicity at 24h was almost insignificant for HT-29 and Caco-2 cells when 
treated with 60μg/μl of kohlrabi; the cytotoxicity percentage recorded 15% and 9% 
respectively (Figure 2A, 2B). However, the percentage increased to 45% for HT-29 
and 12.5% for Caco-2 cells upon treatment with 80μg/μl of kohlrabi (Data not 
shown). On the contrary, cytotoxicity with 60μg/μl of cabbage 24h post treatment 
recorded 55% for HT-29 and 30% for Caco-2 cells, while the cytotoxicity percentage 
with 80μg/μl was calculated to be 80% for HT-29 and 68% for Caco-2 cells (Data 
not shown). 
The maximal cytotoxic values reported 48h after treatment were as follows: 34% for 
HT-29 cells, 30% for Caco-2cells when treated respectively with 60μg/μl of 
kohlrabi, while 77% for HT-29 cells and 83% for Caco-2 cells when treated 
respectively with 60μg/μl of cabbage. No significant cytotoxicity was accounted for 
the values of the control and the 60μg/μl of kohlrabi; however a remarkable 
cytotoxicity was reported for the 60μg/μl values of cabbage. The IC50 for the latter 
treatment was shown to be at 50μg/μl beyond which the viability of both cell lines 
decreased significantly (p≤0.05) (Figures 2C, 2D). 
These results were calculated as the percent of viable cells to the total number of 
dead and live cells.  
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Figure 2A: Cytotoxicity of Kohlrabi on two cell lines HT-29 and Caco-2 after 24h of 
treatment. HT-29 and Caco-2 cells were treated with different concentrations of kohlrabi for 
24h. Cell viability was then determined using the Trypan Blue Exclusion method. The results 
were expressed as percent of total number of cells. Data is the mean -/+ SD. 
 
 
 
 
  
Figure 2B: Cytotoxicity of Kohlrabi on two cell lines HT-29 and Caco-2 after 48h. HT-
29 and Caco-2 cells were treated with different concentrations of kohlrabi for 48h. Cell 
viability was then determined using the Trypan Blue Exclusion method. The results were 
expressed as percent of total number of cells. Data is the mean -/+ SD. 
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Figure 2C: The cytotoxicity of cabbage on two cell lines HT-29 and Caco-2 after 24h. 
HT-29 and Caco-2 cells were treated with different concentrations of cabbage for 24h. Cell 
viability was then determined using the Trypan Blue Exclusion method. The results were 
expressed as percent of total number of cells. Data is the mean -/+ SD. 
 
 
 
Figure 2D: Cytotoxicity of cabbage on two cell lines HT-29 and Caco-2 after 48h of 
treatment. HT-29 and Caco-2 cells were treated with different concentrations of cabbage for 
48h. Cell viability was then determined using the Trypan Blue Exclusion method. The results 
were expressed as percent of total number of cells. Data is the mean -/+ SD. 
 
Therefore, to properly compare the effect of these two extracts, the cytotoxicity of 
kohlrabi versus cabbage after 24 and 48h of treatment on each cell line was 
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HT-29 cells, kohlrabi marked 15% of cytotoxicity while cabbage marked 55% 
(Figure 2E). While after 48h of treatment and for the same concentration and cell 
line, the cytotoxicity of kohlrabi only increased to 34% while that of cabbage 
reached 77%. These results show that cabbage is about two times more cytotoxic 
than kohlrabi on HT-29 cells (Figure 2F).  
On the other hand, Caco-2 cells treated with 60µg/µl of kohlrabi for 24h reported 9% 
of cytotoxicity while the same concentration marked 30% for cabbage (Figure 2G). 
While after 48h of treatment for the same concentration and cell line, the cytotoxicty 
of kohlrabi slightly increased to 30% while that of cabbage increased to reach 83% 
(Figure 2H). Similarly, cabbage is shown to be 2 times more cytotoxic than kohlrabi 
on Caco-2 cells. As result, we can state that cabbage is more cytotoxic than kohlrabi 
on both colorectal cell lines. 
 
 
Figure 2E: Cytotoxicity of kohlrabi versus cabbage extracts after treating HT-29 cells 
with different concentrations for 24h. 
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Figure 2F: Cytotoxicity of kohlrabi versus cabbage extracts after treating HT-29 cells 
with different concentrations for 48h.  
 
 
 
 
Figure 2G: Cytotoxicity of kohlrabi versus cabbage extracts after treating Caco-2 cells 
with different concentrations for 24h. 
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Figure 2H: Cytotoxicity of kohlrabi versus cabbage extracts after treating Caco-2 cells 
with different concentrations for 48h. 
3.2.  Effect of cabbage and kohlrabi on the proliferation of HT-29 
and Caco-2 cell lines 
HT-29 and Caco-2 cells were seeded in 96-well plate and were treated with Kohlrabi 
and cabbage independently at the following concentrations 10µg/µl, 20µg/µl, 
40µg/µl and 60µg/µl for 24 and 48h.  
The proliferation of these two cell lines treated with these extracts was assessed 
using WST-1 which tetrazolium salt is cleaved to formazan by mitochondrial 
dehydrogenases enzymes present in live cells. Kohlrabi and cabbage extracts were 
found to show a remarkable decrease in the proliferation of HT-29 and Caco-2 cells 
in a dose dependent manner. 24h post treatment and at the concentration of 40µg/µl 
of kohlrabi (slightly below the IC50), the proliferation of HT-29 was reduced to 
10.5% while that of Caco-2 cells decreased to 11%. However, when treated with 
40µg/µl of cabbage extract, HT-29 cells proliferation percentage decreased to 1.8% 
while that of Caco-2 cells reached 2% (Figure 3A, 3C). Additionally, 48h post 
treatment and at a concentration of 40µg/µl of kohlrabi, the proliferation of HT-29 
was inhibited to reach 8% while that of Caco-2 cells the proliferation was 8%. On the 
other hand and for the same concentration of cabbage extracts, the proliferation 
percentage decreased to reach 1.5% in HT-29 cells and 1% in Caco-2 cells (Figure 
3B, 3D).  These results showed a significant antiproliferative effect of both extracts 
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on HT-29 and Caco-2 cells, yet it is noteworthy the proximity of the experimental 
values obtained in each cell line suggesting a similar extent of action of kohlrabi or 
of cabbage on these two colorectal cancer cell lines. 
 
 
Figure3A: Proliferation of Caco-2 cells and HT-29 cells after 24h of treatment with 
different concentrations of kohlrabi. Cells were treated with different concentrations of 
kohlrabi. Absorbance was measured at 450 nm after 4h of incubation with WST-1 cell 
proliferation reagent. Results were normalized to the untreated cells. Data is the mean -/+ 
SD. 
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different concentrations of kohlrabi. Cells were treated with different concentrations of 
kohlrabi. Absorbance was measured at 450 nm after 4h of incubation with WST-1 cell 
proliferation reagent. Results were normalized to the untreated cells. Data is the mean -/+ 
SD. 
 
 
 
Figure 3C: Proliferation of Caco-2 cells and HT-29 cells after 24h of treatment with 
different concentrations of cabbage. Cells were treated with different concentrations of 
cabbage. Absorbance was measured at 450 nm after 4h of incubation with WST-1 cell 
proliferation reagent. Results were normalized to the untreated cells. Data is the mean -/+ 
SD. 
 
 
Figure 3D: Proliferation of Caco-2 cells and HT-29 cells after 48h of treatment with 
different concentrations of cabbage. Cells were treated with different concentrations of 
cabbage. Absorbance was measured at 450 nm after 4h of incubation with WST-1 cell 
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proliferation reagent. Results were normalized to the untreated cells. Data is the mean -/+ 
SD. 
 
 These experiments were also assessed to establish a comparison in between kohlrabi 
and cabbage extract and their antiproliferative effect on colorectal cell lines. This 
comparison illustrates that the proliferation percentage of HT-29 cells treated with 
40µg/µl after 24h is 10.5% while with the cabbage treatment and for the same 
concentration the proliferation is reduced to 2% (Figure 3E); while after 48h 40µg/µl 
of the kohlrabi extract further reduced the proliferation percentage of HT-29 to 8% 
while the proliferation of HT-29 cells treated with cabbage reached 1.5% (Figure 
3F).   
On the other hand, Caco-2 cells treated with 40µg/µl of kohlrabi for 24h showed 
11% of proliferation while cabbage recorded for the same concentration and cell line 
1.8%. 48h later, the proliferation of Caco-2 treated cells with kohlrabi decreased to 
8% while the cells treated with 40µg/µl of cabbage were reduced to 1 % (Figure 3G, 
3H). At 60 µg/µl 24 h post treatment, the decrease in the proliferation of HT-29 with 
kohlrabi and cabbage reached 5% and 2% respectively, while for Caco-2 cells the 
inhibition reached 5% and 2.9% correspondingly (data not shown). However, 48h 
post treatment, and at 60µg/µl of kohlrabi and cabbage, the proliferation decreased to 
4% and 0.5% respectively, while in Caco-2 cells proliferation was reduced to 5% 
when treated with kohlrabi and 0.4% when treated with cabbage (data not shown). 
Accordingly, we can conclude that the antiproliferative effect of kohlrabi on Caco2 
cells is 3.5 times weaker than cabbage. Therefore, kohlrabi has a weaker 
antiproliferative effect on HT-29 and caco-2 cells compared to cabbage.   
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Figure 3E: Antiproliferative effect of kohlrabi versus cabbage after treating HT-29 
cells with different concentrations for 24h.  
 
 
Figure 3F: Antiproliferative effect of kohlrabi versus cabbage after treating HT-29 cells 
with different concentrations for 48h. 
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Figure 3G: Antiproliferative effect of kohlrabi versus cabbage after treating Caco-2 
cells with different concentrations for 24h. 
 
 
 
Figure 3H: Antiproliferative effect of kohlrabi versus cabbage after treating Caco-2 
cells with different concentrations for 48h. 
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3.3. Cell cycle arrest induction of HT-29 cells by kohlrabi and 
cabbage 
After determining the antiproliferative effect of kohlrabi and cabbage on HT-29 cells 
and verifying the effect of kohlrabi in inhibiting cell progression to be 2.5 folds 
lower than cabbage, we aimed to assess whether this result is through cell cycle 
arrest using flow cytometry analysis. HT-29 cells were treated with 10µg/µl; 20µg/µl 
and 40µg/µl of cabbage extract and kohlrabi extract separately for 24h and then were 
stained with PI. The cell cycle comprises the following phases according to its DNA 
content. Sub-G0/G1 cells are < 2n, G0/G1 cells are equal to 2n, S phase cells are >2n 
but < 4n, and G2/M phase cells are 4n. Accordingly, the G0 and G1 DNA content of 
cells are alike, and so is the content of the G2 and phase.  Therefore, the cell cycle is 
frequently illustrated by the G0/G1, S, and G2/M phases (Kues WA. et al. 2000). 
 After treating the cells with the different increasing concentrations of cabbage and 
kohlrabi extracts, we notice a change in the phases’ distribution particularly a shift 
from the M phase to the G phase. Both kohlrabi and cabbage extracts induced an 
increase in the G phase after exhibiting a decrease in the M phase after treatment. 
The nontreated cells show a 42.8% in the G phase, 13.9% in the S phase where DNA 
is replicating and 28.1% in the M phase where cells prepare for division and enter 
mitosis for a new cell cycle (Figure 4A). However, when comparing the cells treated 
with 10µg/µl, 20µg/µl and 40µg/µl of cabbage to the cycles of the control cells we 
observe that the nontreated cells show a lower G peak and a higher M peak in a dose 
dependent manner. The high peak of the M phase indicates the readiness of the 
daughter cells to exit the mitotic cycle. While when the peak of M is lowered in favor 
to the increase of G and S phases, the cells decreased their proliferation level to 
arrest it at the G phase and at the S/M transition checkpoint (Figures 4D, 4G). 
Figures 4B, 4C, 4E and 4F show an accumulation in the S phase suggesting the 
augmentation of S to be due to a hindrance in movement of cells from the S phase to 
the G2/M phase upon increasing the concentrations of the treatments. This suggests a 
checkpoint at the S/M phase. Further, when comparing the analysis of the treated cell 
cycles of cabbage to those of kohlrabi, we notice that cabbage induction to cell cycle 
arrest at the G phase displays higher peaks as we increased the concentrations. 
However, it is noteworthy to mention that the two extracts seem to follow a similar 
pattern in inducing cell cycle arrest at the G phase in HT-29 cells treated with 
36 
 
40µg/µl for 24h. Consequently, this outcome asserts a lower impact of 
antiprolifertion of kohlrabi compared to cabbage as previously assessed by WST-1 
assay. 
 
Figure 4: Cell cycle analysis by flow cytometry. HT-29 treated with different 
concentrations of cabbage (upper panels) and kohlrabi (lower panels) for 24 h. Control cells 
were left untreated. After overnight fixation, cells were incubated with Propidium Iodide 
(PI). Cells were analyzed using a C6 flow cytometer indicating the distribution of the cells 
based on their DNA content into their respective cell cycle phases: Sub-G0/G1 cells were 
less than 2n, G0/G1 cells were 2n, S/M phase cells were >2n. A: Stained control; B: 10μg/µl 
cabbage, C: 20μg/µl cabbage, D: 40μg/µl cabbage, E: 10μg/µl kohlrabi, F: 20μg/µl kohlrabi, 
G: 40μg/µl kohlrabi. 
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3.4. Proapoptotic effect of kohlrabi and cabbage on HT-29 and 
Caco-2 cell lines. 
3.4.1. Apoptotic effect by Cell death ELISA: 
To confirm the effect of kohlrabi and cabbage extracts on the induction of apoptosis, 
HT-29 and Caco-2 cells were seeded, treated and assayed for apoptosis using Cell 
Death ELISA kit.  
This assay showed an increase of DNA/histone fragments in a dose-dependent 
manner after treatment with both extracts. The enrichment factor was calculated 
based on the presence of degraded nucelosomes sandwiched in streptavidin and anti-
histone-biotin anti-DNA-peroxidase antibodies. These results were normalized to 
untreated cells.  
After treating HT-29 and Caco-2 cells with 40µg/µl of kohlrabi extracts for 24h, HT-
29 showed a 2.2 fold increase in apoptosis while Caco-2 cells exhibited one fold 
increase (Figure 5A). While for cabbage and for the same dose and time, both HT-29 
and Caco-2 cells expressed one fold increase (Figure 5C). While after 48h, the 
apoptotic fold increased of HT-29 remained the same when treated with kohlrabi 
while that of Caco 1.7 fold (Figure 5B). While after 48h of treating HT-29 with 
40µg/µl of cabbage, the apoptotic rate increased to reach 2 folds while that of Caco 
increased to reach 1.7 fold (Figure 5D). Consequently, we can deduce that HT-29 
cells will undergo apoptosis at a higher rate than Caco-2 when treated with kohlrabi 
and cabbage extracts.    
 
Figure 5A: Induction of apoptosis in HT-29 and Caco-2 cells 24h after kohlrabi 
treatment. Cells were treated with different concentrations of kohlrabi. Absorbance was 
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read at 405 nm after the addition of ABTS substrate. Results are shown as the enrichment 
factor (absorbance of sample divided by the absorbance of untreated control).    
 
 
Figure 5B: Induction of apoptosis in HT-29 and Caco-2 cells after 48h of kohlrabi 
treatment. Cells were treated with different concentrations of kohlrabi. Absorbance was 
read at 405 nm after the addition of ABTS substrate. Results are shown as the enrichment 
factor (absorbance of sample divided by the absorbance of untreated control).    
 
 
 
Figure 5C: Induction of apoptosis in HT-29 and Caco-2 cells after 24h of cabbage 
treatment. Cells were treated with different concentrations of cabbage. Absorbance was 
read at 405 nm after the addition of ABTS substrate. Results are shown as the enrichment 
factor (absorbance of sample divided by the absorbance of untreated control).  
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Figure 5D: Induction of apoptosis in HT-29 and Caco-2 cells after 48h of cabbage 
treatment. Cells were treated with different concentrations of cabbage. Absorbance was 
read at 405 nm after the addition of ABTS substrate. Results are shown as the enrichment 
factor (absorbance of sample divided by the absorbance of untreated control).    
 
Kohlrabi and cabbage extracts belonging to same family were apoptotically assessed 
and compared over the same cell lines. HT-29 showed a 2.2 fold increase in 
apoptotic cells when treated independently for 24h with 40µg/µl of kohlrabi and 
1fold increase with 40µg/µl of cabbage extracts (Figure 5E). Further, HT-29 almost 
maintained their 2 fold increase constant when treated for 48h with 40µg/µl of 
kohlrabi and increased their apoptotic rate to 2 fold when treated with 40µg/µl of 
cabbage extracts for 48h (Figure 5F). While, Caco-2 cells barely showed an increase 
of 1 fold in apoptotic cells when treated independently with 40µg/µl of kohlrabi and 
cabbage extracts for 24h (Figure 5G). Whereas, Caco-2 cells exhibited 1.7 fold 
increase when treated with 40µg/µl of kohlrabi and 1.5 fold increase with 40µg/µl of 
cabbage for 48h (Figure 5H). These results showed that kohlrabi induced apoptosis 
in HT-29 at 24h and maintained it constant for 48h, while cabbage needed 48h for a 
2 fold increase in apoptosis. Consequently, kohlrabi appears to induce apoptosis 
faster in HT-29 cells compared to cabbage. However, in Caco-2 cells, kohlrabi and 
cabbage reveal a similar apoptotic pattern in a time and dose dependant manner. 
Both extracts required a concentration of 40µg/µl for 48h to initiate a noticeable 
apoptotic rate of 2 folds.  
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Figure 5E: Apoptosis induction of Kohlrabi versus cabbage after treating HT-29 cells 
with different concentrations for 24h.  
 
 
 
 
Figure 5F: Apoptosis induction of Kohlrabi versus cabbage after treating HT-29 cells 
with different concentrations for 48h. 
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Figure 5G: Apoptosis induction of Kohlrabi versus cabbage after treating Caco-2 cells 
with different concentrations for 24h. 
 
 
Figure 5H: Apoptosis induction of Kohlrabi versus cabbage after treating Caco-2 cells 
with different concentrations for 48h. 
  
3.4.2. Apoptosis by Flow Cytometry: 
In order to further evaluate apoptosis, a more specific Annexin V-FITC/PI double 
staining method flow cytometry assay was used. When undergoing apoptosis, 
phosphatidylserine (PS) residues get exposed to the extracellular side of the cell 
membrane. These revealed PS residues possess a high binding affinity to the natural 
ligand annexin V. Propidium iodide (PI) fluorochrome on the other hand binds to 
fragmented DNA (Mukherjee et al. 2010).  
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The quadrant that indicates the presence of early apoptosis in cells is the bottom right 
quadrant where the cells are negative for PI staining while positive for annexin 
staining. The quadrant in the upper right corner display cells of late apoptotic stages 
where they are positive for both PI and Annexin V staining. As of the lower left 
quadrant, healthy cells are displayed and necrotic cells are found in the upper left 
quadrant. As figure 6 shows we can compare apoptosis induction in HT-29 by 
cabbage and kohlrabi. The assay used showed that nontreated HT-29 cells had 4.1% 
of early apoptotic cells and 6.9% of late apoptotic cells, while 88% of healthy cells 
(Figure 6A). Upon treatment with 10µg/µl of cabbage extract for 24h the early 
apoptotic rate increased to 12.6% and the late apoptosis increased to 22.9%, while 
the healthy cells percentage decreased to 63.1% (Figure 6B); with 20µg/µl of 
cabbage early apoptosis further augmented to 17.9% and late apoptosis to 33.4%, 
while healthy cells proliferation decreased to 48.1% (Figure 6C). Finally, at 40µg/µl 
of cabbage led to 22.8% of early apoptotic cells while 54.9% of late apoptosis and a 
further reduction in healthy cells to 21.9% (Figure 6D).  As for 10µg/µl of kohlrabi 
extract treatment for 24h, the early apoptotic rate increased to 9.7% while the late 
apoptotic rate reached 15.9% and the percentage of healthy cells decreased to 74.3% 
(Figure 6E); with 20µg/µl of kohlrabi early apoptosis slightly increased to 13.3% as 
late apoptosis was amplified to 24.2% and healthy cells’ percentage further 
decreased to 62.1% (Figure 6F); and with 40µg/µl of kohlrabi extract early apoptosis 
induction attained 15.7% while late apoptosis reached 45% and healthy cells were 
reduced to 38.7% (Figure 6G). Consequently, we can deduce that for the 
concentration of 10µg/µl, cabbage showed the early apoptotic rate to be 12.6% 
versus 9.7% for kohlrabi, and late apoptosis to be 22.9% versus 15.5% respectively 
and healthy cells in cabbage to 63.1% versus 74.% in treated cells with kohlrabi; 
while for 20µg/µl, cabbage recorded 17.9% versus 13.3% for kohlrabi for early 
apoptosis, 33.4% versus 24.2% for late apoptosis and  48.1% versus 62.1% for 
healthy cells in cabbage and kohlrabi respectively. As for the highest concentration 
of 40µg/µl, cabbage early apoptotic rate reached 22.8% while that of kohlrabi only 
indicated 15.7%, 54.9% versus 45% for late apoptosis and 21.9% versus 38.6% for 
living cells in cabbage and kohlrabi consecutively. Accordingly, one can conclude 
that apoptosis induction in HT-29 cells treated with kohlrabi for 24h is 1.3 fold less 
than cabbage induction.  
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Figure 6: Analysis of apoptosis induced by cabbage and kohlrabi in HT-29 cells by flow 
cytometry using annexinV-FITC and PI. Quadrant analysis of fluorescence intensity of 
gated cells in FL-1 (annexin V-FITC) and FL-2 (PI) channels was from 10,000 events. A: 
Stained control; B: 10μg/µl cabbage, C: 20μg/µl cabbage, D: 40μg/µl cabbage, E: 10μg/µl 
kohlrabi, F: 20μg/µl kohlrabi, G: 40μg/µl kohlrabi. 
  
3.5. Effect of Kohlrabi and Cabbage on Bax and Bcl-2 in HT-29 
cells 
The programmed cell death, apoptosis, had to be further assessed molecularly. 
Therefore, Bcl-2 and Bcl-2–associated X protein, or Bax levels were quantified using 
Western Blot analysis. The treatments used in this experiment were control, 10μg/μl, 
20μg/μl, and 40μg/μl, for 24h and it showed the regulations of Bcl-2 and Bax in a 
dose dependent manner.  
A control protein, β-Actin, was loaded to confirm equal concentration among the 
different samples. The kohlrabi and cabbage extracts promoted the down regulation 
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of the anti apoptotic Bcl-2 protein, while exerted the upregulation of the pro 
apoptotic Bax protein. Results are shown in the figure below. 
The Bax/Bcl-2 ratio was calculated using Image J program. The Bax/Bcl-2 ratio was 
calculated to be 1.38 in the control sample. This ratio increased to become 1.6 when 
the HT-29 cells were treated with 10μg/μl of kohlrabi extract. The ratio further 
increased to 1.8 with 20μg/μl treatment and to 2.12 with 40μg/μl of kohlrabi extract. 
Whereas for the cabbage extract, 20μg/μl increased the Bax/Bcl-2 ratio to 2.03 and 
the 40μg/μl further increased the ratio to 2.16. As a consequence one may suggest 
that the apoptotic pathway of kohlrabi and cabbage extract on HT-29 cells is 
Bax/Bcl-2 dependant.  
                      Control    10μg/μl, 20μg/μl, 40μg/μl 
Beta Actin      
Bcl2 kohlrabi    
Bax kohlrabi   
                      
                       Control    10μg/μl, 20μg/μl, 40μg/μl 
Beta Actin     
Bcl2 cabbage  
                      Control       20μg/μl,     40μg/μl 
Bax cabbage    
 
Figure 7: Western Blot analysis for Bax and Bcl-2. HT-29 cells were treated with 10μg/μl, 
20μg/μl, and 40μg/μl of kohlrabi and cabbage extracts. Control cells were left untreated. At 
the end of the treatment period, cells were lysed and blotted for β-Actin (upper panel) as 
internal loading control, Bcl-2 (middle panel) and Bax (lower panel).  
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Chapter IV 
Discussion 
4. Discussion 
Colorectal cancer is the third most frequent cancer in the world.  Epidemiological 
prospective and retrospective studies investigated and confirmed an inverse 
relationship between the prevalence of colon cancer and the consumption of Brassica 
vegetables such as cabbage and kohlrabi (Van Poppel, Verhoeven, Verhagen & 
Goldbohm, 1999). Isothiocyanates and indoles extracted from these plants showed a 
decrease in the proliferation and cell survival of different forms of cancer particularly 
colorectal cancer (Ambrosone &Tang, 2009). Most studies tackled HT-29 and Caco-
2 cells treatment using defined ITCs such as AITC, SFN, BITC, PEITC and erucin, 
and indoles such as I3C derived from Brassica oleracea plants, however, very few 
studies included kohlrabi (You et al. 2008; Ciska et al. 2000). Thus, the aim of this 
study was to investigate and compare the antiproliferative and pro-apoptotic effect of 
kohlrabi versus cabbage on colorectal cancer cell lines in vitro. Kohlrabi flesh and 
cabbage leaves were blended in ethanol and incubated for a week, and then the 
filtrate was concentrated in a speed vacuum. The tissue damage of the plants caused 
by blending exposed the enzyme myrosinase to be in contact with glucosinolates 
molecules. The glucosinolates, glucobrassicin, sinigrin, gluconapin, gluconasturtiin, 
glucoerucin and glucoraphanin, identified to be present in both cabbage and kohlrabi 
(Cartea & Velasco, 2007; Melchini & Traka, 2010) were most likely hydrolyzed into 
I3C, AITC, BITC, PEITC, erucin and SFN respectively upon blending the tissues of 
the plants. However, the exact ITCs and indoles were not identified nor quantified in 
our extracts.  
 The attained results of cabbage extract were in accordance with preceding studies 
where the constituents of cabbage, ITCS and indoles, induced apoptosis and cell 
cycle arrest in HT-29 and Caco-2 cells (Zhu et al. 2004, Cartea &Velasco, 2007; 
Pappa et al. 2007; Mas et al. 2007; Choi et al. 2009); on the other hand, the results 
obtained after treatment with kohlrabi ethanolic extracts seem quite promising. We 
first determined the cytotoxicity of kohlrabi and cabbage extracts on HT-29 and 
caco-2 cell lines. HT-29 cells treated with 60μg/μl of kohlrabi for 24h exhibited a 
15% decrease in viability, while with cabbage it reached 55%. On the other hand, 
46 
 
60μg/μl of kohlrabi caused a cytotoxicity of 9% in Caco-2 cells while cabbage 
reported 30%. Cytotoxicity levels were time and dose –dependent where higher 
concentrations and a longer exposure of both extracts led to a decrease in cell 
viability. Treating HT-29cells with 60μg/μl of kohlrabi for 48h lead to 34% of 
cytoytoxicity while cabbage treatment reached 77%. As for Caco-2 cells, 60μg/μl of 
kohlrabi caused 30% decrease in cell viability while cabbage caused 83% decrease. 
The results obtained show that kohlrabi flesh extract is less cytotoxic than cabbage 
leaves extract when treating colorectal cancer lines H-T29 and Caco-2 cells. 
Consequently, the IC-50 of both kohlrabi and cabbage ethanolic extracts were 
determined. The IC-50 is the concentration of an inhibitor at which 50% of the cells 
remain viable.in HT-29 cells the IC-50 of cabbage was determined to be at 50μg/μl 
compared to 70μg/μl in Caco-2 cells. On the other hand, the IC-50 for Kohlrabi was 
calculated to be 80μg/μl for HT-29 cells and much higher for Caco-2 cells. 
Accordingly, we used the maximal concentration of 40µg/µl throughout the 
remaining experiments in order to examine and compare the extracts, while ensuring 
the presence of a considerable number of viable cells post-treatment. Additionally, 
cell proliferation was assessed using WST-1 assay in order to evaluate the effect of 
the high concentrations of these extracts on the survival of metabolically active cells. 
After treating HT-29 cells with 40µg/µl of kohlrabi for 24h, the proliferation of HT-
29 cells decreased to 10.5% compared to non-treated cells, while upon treatment 
with cabbage, only 1.8% of the cells remained metabolically active. However, in 
Caco-2 cells, the proliferation decreased to 11% when treating with 40µg/µl of 
kohlrabi while it was reduced to 2% with the same concentration of cabbage. 
Similarly, the proliferation further decreased after treating HT-29 cells for 48h with 
both extracts reaching 8% with kohlrabi and 1.5% with cabbage, while the 
proliferation of Caco-2 cells decreased to 8% with kohlrabi and to 1% with cabbage. 
Consequently, we observe that kohlrabi extract is less antiproliferative than cabbage 
when treating HT-29 and Caco-2 cells. A possible explanation for this observed 
difference would be the different bioactive compounds present in these extracts. 
Ciska et al. (2000) reported that glucobrassicin, glucoiberin, and sinigrin were the 
dominant glucosinolates in all B. oleracea species, except for kohlrabi, while 
kohlrabi was discernible by an elevated content of glucoerucin and glucoraphanin. 
Glucobrassicin is a bioactive compound found in significant amounts in cabbage at a 
concentration of 35.84mg/100g (Sarıkamı et al. 2010; Ciska et al. 2000), compared 
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to the concentration of 4.83mg/100g found in kohlrabi (Ciska et al. 2000; Gawęda & 
Nizioł-Łukaszewska, 2011). Glucobrassicin is hydrolyzed to I3C which in its turn is 
converted to DIM. DIM showed a dose dependent cytotoxicity effect on HT-29 cells 
where 10 – 30 μmol/L were reported to decrease the proliferation of HT-29 and 
HCT-116 human colon cancer cells without affecting the viability of normal small 
intestinal epithelial cells (IEC-6 cells) (Gamet- Payrastre et al. 1998). Further, based 
on Cartea et al. (2000) and Sarıkamı et al. (2010),   glucosinolate sinigrin, precursor 
of AITC, is found at a lower concentration in kohlrabi (0.77mg/100g) compared to 
cabbage (22.7mg/100g) (Ciska et al. 2000).  AITC treatment caused HT-29 cells to 
round-up 7 h post-treatment and consequently to detach from the bottom of the flask. 
This morphological feature and detachment indicate a decrease in cell proliferation 
(Verhoeven, Goldbohm, Van Poppel, Verhagen & Van den Brandt, 1996). Thus 
these differences in the concentrations of DIM and sinigrin may be the reason behind 
the lower cytotoxic and anti-proliferative effect of kohlrabi compared to cabbage on 
colorectal cancer cell lines.  
The decreases observed in the rate of proliferation of the cells upon treatment with 
different extracts could be due to either an increase in cell death/apoptosis, or an 
induction of cell cycle arrest at different point intervals of the cell cycle, or both. 
Thus we aimed to check for cell cycle arrest induction by analyzing DNA content, 
where the G0/G1 phase is 2n,  the S-phase cells is greater than 2n but less than 4n, 
while M phase cells is 4n. The percentage of cells in the different phases reflects the 
progression of the cell cycle. DNA content analysis of nontreated HT-29 cells 
revealed the presence of 42.8% of the cells in the G0/G1 phase, 13.9% in the S phase 
and 28.1% in the M phase where cells are undergoing mitosis.  
When HT-29 cells were treated with10µg/µl of cabbage for 24h, we observed an 
increase in the S phase and a decrease in the M phase compared to the nontreated 
cells, the result implies an S/M checkpoint and an arrest at the S phase. Upon 
treatment with 20µg/µl of cabbage, we detected a remarkable increase at the G 
phase, a slight increase at the S phase and a significant decrease at the M phase. This 
result suggests arrests at the G phase and S phase. On the other hand, when HT-29 
cells were treated with 40µg/µl of cabbage, we observed a significant increase at the 
G phase and a considerable decrease at the M phase. The highest concentration used 
seemed to induce an arrest at the G phase. However, when HT-29 cells were treated 
with 10µg/µl of kohlrabi, an increase in the G and S phases, and a major decrease in 
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the M phase were observed. This result entails a G arrest and an S/M checkpoint. 
Whereas, when HT-29 cells were treated with 20µg/µl and 40µg/µl of kohlrabi 
extracts, we noticed similar patterns of cell cycles to those of cells treated with 
cabbage, yet with lower peaks. The 20µg/µl concentration of kohlrabi induced an 
arrest at the G and S phases, while the 40µg/µl concentration of kohlrabi induced an 
arrest at G phase. The cell cycle analysis of HT-29 cells treated with kohlrabi and 
cabbage extracts seems to be dose dependant in inducing cell cycle arrest. The low 
concentrations of 10µg/µl and 20µg/µl provoke an arrest at the S phase and S/M 
checkpoint while the high concentration of 40µg/µl induces an arrest at the G phase. 
The results obtained after treating the cells with kohlrabi extracts are in accordance 
with the abundance of the bioactive compounds, SFN and erucin, found in that plant. 
Studies of SFN and erucin showed their induction of cell cycle arrests in HT-29 and 
Caco-2 cells. SFN found in kohlrabi at a concentration of 8.73mg/100mg compared 
to cabbage 0.26mg/100mg (Ciska et al. 2000) induced cell arrest at the G1 phase in 
HT-29 cells causing an increment in p21CIP1, and a reduction in cyclin D1, cyclin 
A, and c-myc (Shen et al. 2006). While in Caco-2 cells, SFN induced cycle arrest at 
G2/M phase at a concentration of 20μM; when the concentration increased to 
>20μM, an accumulation at sub-G1 was observed accompanied with loss of the 
mitochondrial membrane, elucidating the pro-apoptotic effect of SFN in Caco-2cells 
(Jakubikova et al. 2005). Further, SFN induces the expression of p21 protein cycle 
inhibitor in HT-29 and Caco-2 cells (Parnaud et al. 2004). Additionally, erucin found 
in kohlrabi at a concentration of 4.48mg/100g compared to traces in cabbage 
increased the percentage of the subG1 phase in Caco-2 cells (Jakubikova et al. 2005). 
On the other hand, the induction of cell cycle arrest by cabbage seems to be due to 
the presence of the high concentrations of AITC, DIM and PEITC bioactive 
compounds. Studies have shown that 12mM of AITC arrested HT-29 cells in G2/M 
phase after 3h of treatment (Smith et al. 2004). DIM was found to induce G1 and 
G2/M phase cell cycle arrest in HT-29 cells, and this arrest was correlated to the 
reduced activity of cyclin A, cyclin D1 cyclin B1, CDK4, CDK2 and the 
upregulation of protein cycle inhibitors p21CIP1/WAF1 and p27KIPI (Choi et al. 2009). 
Further, gluconastrutin precursor of PEITC found at a concentration of 0.42mg/100g 
in cabbage compared to 0.12mg/100mg in kohlrabi (Ciska et al. 2000) caused cell 
cycle arrest at the G1 phase in HT-29 cells through the downregulation of cyclins A, 
D, and E (Cheung et al. 2008). The findings about the concentrations of 
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glucosinolates, precursors of AITC, BITC, PEITC, SFN, DIM and erucin,  in 
cabbage is 89.85mg/100g compared to the concentration of 37.2mg/100g of total 
glucosinolates in kohlrabi (Ciska et al. 2000). These differences may explain why 
cabbage appears to provoke cell cycle arrest at G0/G1 phase and S/M phase with 
higher peaks than those displayed by kohlrabi. However, to confirm those results and 
elucidate the mechanisms involved, it is important to check for the expressions, 
regulations and ratios of the protein cycle inhibitors p21 and p27, cyclins A, B1, D 
and E, and CDK4 and CDK2 in treated cells with both extracts.  
In addition, we needed to verify that the dead cells observed using Trypan Blue 
exclusion method died of apoptosis and not necrosis. Therefore, we tested the treated 
cells using Cell Death ELISA Kit which is based on the quantification of the 
hallmark of apoptosis, histone-complexed DNA fragments. The results obtained 
showed that HT-29 cells treated with 40 µg/µl of kohlrabi for 24 and 48h only had 2 
fold increase in apoptosis, and 1 fold and 2 fold increase when treating cells with 40 
µg/µl of cabbage for 24 and 48h respectively. Results obtained upon treatment of 
Caco-2 cells with the different extract showed less pro-apoptotic effect; 40µg/µl of 
kohlrabi and cabbage separately only induced 1 fold increase 24h post-treatment and 
1.7 fold increase after 48h. These results were not as expected since several 
epidemiological studies continue to show that brassicas vegetables rich in ITCs such 
as cabbage report apoptosis induction in cancer cells in vitro (Fimognari et al. 2004). 
Therefore, we recurred to a more reliable method than the colorimetric assay of Cell 
death ELISA, and used flow cytometry Annexin V-FITC/PI double staining method 
to evaluate the pro-apoptotic effect of kohlrabi and cabbage extracts. In this 
technique, apoptotic cells expose their PS residues at an early stage in apoptosis and 
bind to the ligand annexin, while necrotic cells reveal their PS residues and lose the 
integrity of their membrane concurrently and right after cell damage. This damage 
allows PI to bind to fragmented DNA (Mukherjee et al. 2010).This double staining 
technique reveals the percentage of cells in early and late apoptosis. The results 
obtained show that 40µg/µl of kohlrabi induced a lower early apoptotic rate of 15.7% 
compared to 22.8% induced by the same concentration of cabbage 24 h after treating 
HT-29 cells. The literature demonstrates the ability of ITCs to induce apoptosis 
mainly through the intrinsic pathway whereby cytochrome c released from the 
mitochondria activates APAF1 and cleaves procaspase 9 molecules triggering the 
caspase cascade. Apoptosis induction is also accomplished by the regulation of the 
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MAPK signaling and continuous activation of caspases, Bcl-2 family and PARP 
cleavage (Traka & Mithen, 2009). Results obtained in this study indicate that 
apoptosis induction upon cabbage treatment is higher compared to kohlrabi:  this 
may be due to AITC, PEITC, DIM, SFN and erucin collectively found in higher 
concentrations in cabbage than in kohlrabi. AITC induces apoptosis in HT-29 cells 
by activating caspase-3 and caspase-8 (Choi et al. 2009), and 82% of nonadherent 
HT-29 treated cells are left unstained when using Annexin V-FITC/PI double 
staining method suggesting they are undergoing apoptosis (Smith et al. 2004). PEITC 
molecules activated caspase 3 and 9 followed by nuclear condensation and DNA 
disintegration, and three MAPKs, JNK, ERK and p38 kinase post treatment in HT29 
cells (Keum et al. 2004). Additionally, PEITC displayed a minor increase in the 
Bax:Bcl-xL and the Bak:Bcl-xL ratios in 40-16 colon cancer (Pappa et al. 2006). On 
the other hand, SFN high concentration in kohlrabi may have induced apoptosis in 
HT-29 cells. HT-29 cells treated with SFN released cytochrome c and increased 
PARP cleavage, and activated MAPKs, JNK, ERK and p38 kinase post treatment 
(Shen et al. 2006). SFN also showed the induction of the proapoptotic protein Bax in 
HT-29 colon cells (Gamet-Payrastre et al. 2000). Further, studies on 40-16 colon 
cancer cells confirmed that 15µM of SFN led to programmed cell death by 
increasing the Bax to Bcl-xL and the Bak to Bcl-xL ratios (Gamet-Payrastre et al. 
2000). Additionally, erucin was found to induce apoptosis in Caco-2 cells through 
diverse kinases, such as MAPKs and PI3K (Jakubikova et al. 2005). Therefore, based 
on the previous findings of ITCs and apoptosis, we aimed to evaluate the expression 
levels of Bax and Bcl-2 proteins involved in the apoptotic pathway. The western blot 
analysis of HT-29 cells treated with cabbage and kohlrabi for 24h showed an 
upregulation of the proapoptotic protein Bax and a downregulation of the 
antiapoptotic protein Bcl-2 in all of the concentrations used. The ratio of Bax/Bcl-2 
was calculated and showed an increase as the concentrations of both cabbage and 
kohlrabi extracts increased; it also showed the ratio of Bax/Bcl-2 upon cabbage 
treatment to be slightly higher than the ratio induced by kohlrabi. These outcomes 
were in agreement with the results of flow cytometry. However, further confirmation 
and comparison of apoptosis could be done by evaluating the expression levels of 
caspases 3, 8 and 9, cytochrome c and PARP cleavage in treated cells. 
These results may be due to the high concentrations of AITC and PEITC in cabbage 
compared to their concentration in kohlrabi. A study performed on HT-29 cells has 
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shown that the potency of AITC is greater than that of PEITC which are even greater 
than SFN in reducing the cell number of adherent cells (Lund et al. 2001).  
 
Therefore, to further compare the antiproliferative and pro-apoptotic effect of 
kohlrabi and green cabbage, we suggest in the future work to subfractionate the 
extracts and determine the nature and exact concentrations of the found 
glucosinolates. In addition, the antiproliferative mechanism  of each extract may be 
elucidated after evaluating the expression levels of p21 and p27, cyclins A, B1, D 
and E, and CDK4 and CDK2 in treated cells, whereas the proapoptotic pathway may 
be clarified after checking the expression levels of  caspases 3, 8 and 9, cytochrome c 
and PARP cleavage. 
In conclusion, all of our results show that kohlrabi extracts is antiproliferative and 
apoptotic in HT-29 cells, however, cabbage is more potent in reducing proliferation 
and inducing apoptosis in colorectal cancer cell lines. Nevertheless, kohlrabi should 
be considered, like cabbage, among the potent anti-carcinogenic cruciferous 
vegetables.  
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